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Abstract—We introduce MobiTOP (Mobile Tagging of Objects 
and People), a map-based application which allows users to 
contribute and share geo-referenced multimedia annotations via 
mobile devices. An important feature of MobiTOP is that 
annotations are hierarchical, allowing annotations to be 
annotated to an arbitrary depth. MobiTOP’s interface was 
designed using a participatory design methodology to ensure that 
the user interface meets the needs of potential users. In an 
evaluation, a group of student-teachers involved in a 
geographical field study were tasked to collaboratively identify 
rock formations using the MobiTOP system. The students who 
were in the field were guided by their lab counterparts on the 
tasks required to identify the rock formations. Results suggest 
the potential of the MobiTOP system for information sharing. 
 
 
Keywords—Tagging, hierarchical geo-referenced annotations, 
mobile user interface, participatory design, information sharing 
I. INTRODUCTION 
Social tagging systems such as del.icio.us and Flickr allow 
users to annotate a resource, such as an image, a physical 
location, or a web page with a freely chosen set of keywords 
or tags. Tagging is a tool not only for categorizing but also for 
searching and constructing social knowledge [8], [15]. Users 
share their content with their tags, generating an aggregated 
tag index or a folksonomy [14], which is a form of user-
generated metadata or annotation. 
With the increasing popularity of mobile devices with GPS 
capabilities, the tagging or annotation of locations with 
multimedia content is becoming common. For example, users 
may annotate a location with images that were captured using 
their camera phones which are then shared with others. In the 
spirit of social computing, a system supporting the sharing of 
geo-referenced multimedia content should also allow other 
users to annotate existing content as well [9]. This 
collaborative annotating process forms a threaded discussion 
on a topic, allowing a community of users to exchange and 
explore content and ideas. Put differently, these annotations 
form a hierarchical structure in which a node is an annotation 
and the edge is the relationship between two annotations.  
However, the physical constraint of small screens in mobile 
phones puts forward some challenges to users in accessing 
these hierarchically structured annotations. Here, the content 
should be visualized effectively for users to facilitate viewing 
and navigating in an environment where screen real estate is 
limited. 
In this paper, we introduce MobiTOP (Mobile Tagging of 
Objects and People), a mobile application that allows users to 
contribute and share geospatial multimedia annotations. As 
discussed, an important feature of MobiTOP is that 
annotations are hierarchical, allowing annotations to be 
annotated by other users to an arbitrary depth, essentially, 
creating threads of discussions. Here, annotations can consist 
of textual and multimedia content. We also describe an 
evaluation in which MobiTOP was used for a fieldwork study 
with a group of student-teachers. The students communicated 
through the hierarchical annotations. The study employed both 
field observations as well as questionnaires. 
The remainder of this paper will elaborate on the design, 
development and evaluation of MobiTOP. The following 
section will describe related work. Section 3 presents the 
MobiTOP system. This will be followed by the description of 
the geography study. Section 5 highlight the observations 
made and the results of the evaluation from the study. We 
conclude the paper with a discussion on the implications of 
our findings as well as the possible areas of future work. 
II. RELATED STUDIES 
Mobile phones have become multimedia devices. It is 
common to observe users capturing photos and videos on their 
mobile phones on a regular basis. In [20], the authors 
presented a mobile image retrieval prototype named MAMI 
(Multimodal Automatic Mobile Indexing) which allowed 
users to annotate, index and search digital photos on their 
phones via speech or image input. Speech annotations can also 
be added.  Additional metadata such as location, user 
identification, date and time of capture is stored in the phone 
automatically. MAMI is implemented as a stand-alone 
application which runs on the phone. Therefore, users can 
search photos in their personal archives without the need for 
connectivity to a server. 
Mobile sensing and mapping applications are also 
becoming more prevalent because sensing hardware is 
becoming more portable and more affordable. The 
MobGeoSen [3] is a combination of software components that 
facilitates the phone’s internal sensing devices (e.g. camera) 
and external wireless sensors (e.g. GPS receivers) for data 
collection. It also adds a new dimension of spatial localization 
to the data collection process and provides the user with both 
textual and spatial cartographic displays. While collecting the 
data, individuals can interactively add annotations and photos 
which are automatically added and integrated in the 
visualization file. This makes it easy to visualize the data, 
photos and annotations on a spatial and temporal visualization 
tool. This paper also describes experiences with school 
children using the MobGeoSen system to measure their 
exposure to environmental pollution. Results showed that the 
students engaged well with the system during trials and 
enjoyed using the MobGeoSen system. The authors have also 
identified three scientific activities which are made possible 
by the use of MobGeoSen: enabling the collection of data that 
would otherwise be out of reach of school science learners, 
providing information about the context in which the data 
were collected to aid understanding and analysis and promote 
discussion, and providing authentication of data. 
As mobile devices have become widespread among 
younger users, studies in fieldwork applications have yielded 
positive results for the use of these tools for data collection 
and learning in the field in terms of better collaboration, 
improved learning attitudes and better understanding of 
content [16]. For example, Theng et al. [18]  describe the 
implementation of Mobile G-Portal, a group of mobile devices 
as learning assistant tools, implemented in a PDA, to support 
collaborative sharing and learning for geography fieldwork. 
An initial study on a climate topic was conducted involving a 
group of high school students. Findings showed that these 
students seemed to place more value on tool functionality and 
usefulness of the device in helping them complete their tasks 
during geography fieldwork. Their findings also suggested 
that providing “just-in-time/just-enough” information through 
mobility can result in more effective learning and teaching 
[11]. 
In other related work, students involved in the RAFT 
(Remote Accessible Field Trips) project [2] attempted to 
harness mobile technology to allow students in a field trip to 
be share information with students in a remote classroom. The 
outcome of their study indicated that RAFT provided an 
engaging and motivational form of learning experience for the 
students. Further, Haapala et al. [4] studied the effects of 
parallel collaborative learning between students in the 
classroom using desktop computers and students in the field 
using PDAs. The subjects were high school students in a 
geography course. The results of this study showed that 
parallel learning using mobile communications supported 
students' interactions and learning well and also suggested that 
real-time communication is not a necessity for efficient 
parallel learning. 
III. PARTICIPATORY DESIGN WORKSHOP 
To facilitate the development of MobiTOP, a participatory 
design workshop was conducted to synthesize ideas for 
interface design to help users manage and seek information 
through a hierarchical system of annotations [6]. Participatory 
design is a collaborative design process where potential end 
users and the development team come together to apply their 
knowledge and experience with a useful and usable end 
product in mind [7]. This approach calls for the active 
participation of the users and compels system developers to 
understand users’ needs from a different standpoint. Since 
current annotation visualizations are usually flat, users might 
not be able to understand and learn the hierarchical aspects of 
the presented annotations. Our approach would allow users to 
determine how they would want to view the hierarchy of 
annotations. 
A. Participants and Workshop Organization 
There were 2 groups in the workshop to reflect the 
perspectives from both technically inclined people and lay 
users.  Participants were first introduced to the purpose of the 
workshop. The importance of an original user interface which 
able to effectively present a hierarchical annotation structure 
was stressed to the participants 
Scenarios were given to both groups to help with the design 
process. They were provided stationery to sketch their designs. 
There are two reasons for choosing a low fidelity approach. 
First, we were still in the early stages of the development 
process, and second, this was the participants’ first time being 
involved in such a process. Thus, a low-fidelity approach was 
more accessible for the participants as it enabled them to 
sketch their ideas quickly. After the briefing, the participants 
took about an hour to develop with their designs. Each of the 
groups then presented their designs and everyone involved in 
the workshop, including the developers, discussed the merits 
of the two user interfaces. Based on the comments, refinement 
of the designs was then done before a final design was chosen 
for implementation. 
B. Design Outcomes 
Figures 1 and 2 are the design outcomes of the workshop. 
Fig. 1 was designed by the group with participants from 
different backgrounds, while Fig. 2 was by the other group 




Fig. 1 Varied background design (Design A) 
 
 
Fig. 2 Technical/ engineering background design (Design B) 
 
The participants commented positively on the layout of 
Design A (Fig. 1) since it provided multiple related 
annotations in a single view. With this design, the current 
photo being viewed would be at the centre with its content  
(rating, keyword, tag cloud and comments). At its left and 
right are photos related to the current one being viewed. 
However, these related photos would be very small due to the 
screen size limitation of the mobile device. Another issue was 
that, this design did not have a feature to navigate through the 
hierarchy of annotations. 
Participants felt that Design B (Fig. 2) was more 
appropriate for a mobile screen. First, it made use of the 
mobile phone’s soft keys for menu navigation related to the 
current screen. Next, there was support for navigation to 
related annotations: Up/Down to Parent/Child, Left/Right to 
siblings in hierarchical tree. 
Based on the two designs above, a combined layout was 
built. We put the content part in Design A into the layout of 
Design B; and made use of the navigation concept in Design 
B. 
C. The MobiTOP User Interface 
MobiTOP’s mobile client supports a map-based 
visualization for exploring hierarchical geospatial annotations 
as well as location-based mobile annotating. The mobile client 
was primarily developed for Nokia N95 8GB smart phones. 
The client uses the global positioning system (GPS) feature 
available in the phone to determine the current location of the 
user. It has been developed using the Java Platform, Micro 
Edition (J2ME) while the map-based visualization employed 
the J2ME Map API1.  The server is implemented on a Linux 
system using an Apache web server. Content is managed 
using a MySQL database and PHP is the programming 
language of choice. The server communicates with its clients 
using XML over HTTP. Fig. 3 provides an overview of the 




Fig. 3 The architecture of the MobiTOP system. 
 










    Web Server 
 
Fig. 4 Map interface of mobile client 
 
The mobile client displays annotations in a hierarchy. 
However, the challenge is to fit the information-packed 
visualization onto a small screen of the mobile phone. Here, 
the design for the mobile client was based on the outcome of 
the participatory design workshop described in the previous 
section. When a root annotation was chosen from the map 
(Fig. 4), the application downloads the entire annotation 
thread and displays it on the screen. 
 
 
Fig. 5 Mobile client hierarchical visualization 
 
Fig. 5 shows the visualisation of the hierarchy of 
annotations. Details of the interface are described as follows: 
• The annotation’s content is spread out in the centre as 
much as possible to maximize the use of the screen. The 
interface shows a thumbnail of the images and other 
information such as tags, description, and ratings. 
• The arrows indicate that users can use the navigation 
keys to open other annotations associated with this 
current annotation: parent (Up), children (Down), 
sibling (Left/Right).  
• Two soft keys are used as shortcuts to annotate directly 
to this current annotation or go back to the map. 
• Finally, bread crumbs are included to indicate the 
current level of the annotation in the hierarchy. Since 
there is not enough space to display the entire hierarchy, 
users may get lost during navigation. Bread crumbs thus 
help users keep track of their location in the annotation 
hierarchy. Here, the first dot denotes the root level, 
while subsequent dots indicate the respective level in 
the hierarchy. 
IV. USABILITY EVALUATION 
MobiTOP was deployed in an actual classroom setting in 
which students used the system for a geography field study.  
A. The Study 
A group of eight geography student-teachers from a teacher 
training institute was involved in the field study. One of their 
learning goals was to examine the type of rocks at an area in 
Singapore. Additionally, they had to explain the landform 
which was present at the site and put forward the type of rock 
that would be present for a particular landform. The students 
were divided into two groups which were to identify two 
different types of rocks, namely igneous rocks and 
sedimentary rocks. Each group was assigned the task of 
identifying one of the rock types (igneous or sedimentary). 
Each group comprised of field investigators and lab 
investigators. The field investigators were to go to the actual 
site to collect information and collaborate with the lab 
investigators who were in the classroom. This involved taking 
photos using the phone and including textual descriptions. 
Following this, the field investigators were requested to 
complete a questionnaire survey on MobiTOP’s usability.  
B. Objective Findings 
We adopted the heuristic evaluation approach to ascertain 
MobiTOP’s usability. Heuristic evaluation identifies usability 
problems in a user interface by allowing the evaluators to 
examine the interface and then proceeding to make judgments 
to its compliance to the heuristics. In our questionnaire survey, 
students were asked questions based on Nielsen’s 10 usability 
heuristics I[12]. Additionally, the students were also asked to 
evaluate the system in terms of effectiveness in contributing to 
team collaboration.  
Table 1 shows the results of the usability evaluation and 
Table 2 shows the results of the team collaboration evaluation. 
Both tables show the mean and the standard deviation of the 
values obtained. In Table 1, the students found the application 
to be relatively usable in general. For instance, the terms used 
in the mobile client were familiar to frequent mobile phone 
users. They thus had a sense of recognition of the features of 
the client, and thus mentally map these features to their 
expectations easily. Likewise, the consistency of the user 















TABLE 1  
USABILITY OF MOBILE CLIENT EVALUATION RESULTS (1 = STRONGLY 
DISAGREE; 5 = STRONGLY AGREE) 
No. Heuristic Mean SD 
1.  Visibility of system status 1.75 0.71 
2.  Match between system and the real 
world 
3.00 1.29 
3.  User control and freedom 2.50 1.07 
4.  Consistency and standards 3.50 1.16 
5.  Error prevention 2.71 0.95 
6.  Recognition rather than recall 2.25 1.04 
7.  Flexibility and efficiency of use 1.88 0.83 
8.  Aesthetic and minimalist design 2.38 0.74 
9.  Help users recognize, diagnose and 
recover from errors 
2.75 0.71 
10.  Help and documentation 2.75 1.28 
 
In terms of usefulness for team collaboration, students felt 
that it was somewhat easy to view and create annotations. 
Perhaps factors like the phone’s affordances and difficulty in 
the keying in of input contributed to the lower scores. 
However, students reported that that the mobile client allowed 
them to take photographs easily. One issue that emerged was 
that the field investigators were not able to communicate with 
the lab investigators easily. Specifically, it was difficult for 
the students to find new annotations using the map display as 




 USEFULNESS OF MOBILE CLIENT FOR TEAM COLLABORATION EVALUATION 
RESULTS (1 = STRONGLY DISAGREE; 5 = STRONGLY AGREE) 
No. Actions Mean SD 
1.  Create annotations easily 2.63 1.06 
2.  View annotations easily 2.75 0.89 
3.  Take photographs easily 3.88 0.83 
4.  Find annotations that you need easily 2.14 0.38 
5.  Notifies new annotations created by 
other investigators 
1.88 0.83 




C. Qualitative Findings 
The students were also asked about useful features found in 
Mobitop as well as features which could be improved. When 
asked if the mobile client had potential as a learning tool, 
students were divided in their opinions.  
Some students agreed that the application was helpful for 
fieldwork because it had a number of advantages. The mobile 
phone was equipped with useful functions to share and 
collaborate with other users. (“considering the availability of 
GPS tools and Internet on the mobile phone, it can be very 
helpful”). Further, one of the features that students found 
favourable was MobiTOP’s built-in feature for taking 
photographs for annotations. Here, students were able to take 
images without changing the orientation of the mobile phone 
and by pressing a button on the keypad instead of the camera 
shutter button. This helped the students to capture the image 
easily as their other hand might be occupied with notebooks or 
tools. Another feature that students found useful was the 
ability to view annotations on the map. This helped them 
better understand natural rock formations as they were able to 
pinpoint the exact location of the sites and observe that which 
were quite close had different types of rocks 
In contrast, those who did not agree felt that the problems 
encountered during the usage of the application marred its 
potential as a learning tool: 
• Some problems are programming issues such as 
warnings of improper coding and unhandled exceptions 
(“There are many error messages produced by the 
tool”). 
• The constraints of the mobile phone also pose problems. 
One student felt that the mobile phone’s screen was too 
small to locate annotations easily. This sentiment was 
echoed by several other students (“the phone is too 
small an interface to display on a map”). Another 
constraint is the inconvenience of text input using the 
numeric keypad. Here, participants found it tiresome to 
enter long pieces of text in annotation fields. 
• As the system required the user to manually press a 
button to update the annotations on the screen, one 
student felt that the “annotations should be refreshed by 
itself … (for example) appear(ing) like a text message.” 
Another student suggested that “a more sophisticated 
platform will be better, maybe a Blackberry.” 
• Another problem includes the navigability of the 
hierarchical annotations. In particular, some participants 
had difficulty viewing the annotations when they were 
too dense in some particular area on the map (“Only if 
the annotations appeared in a user friendly manner”).  
• There was also the issue of latency as some participants 
experienced delays in retrieving annotations due to 
network connection quality (“only if the time taken to be 
reflected (on the map) is shorter”). 
This is on-going work. User studies and programming 
efforts are being doneto address these issues. 
V. .DISCUSSION AND CONCLUSION 
This paper introduces the MobiTOP system and its use in 
sharing and accessing hierarchical annotations through the 
mobile phone. The interface was designed through a 
participatory design workshop and allows easy access to 
content through a small screen. However, there were some 
technical difficulties in relation to the affordance of the 
mobile application that affected the usefulness of the 
applications as uncovered in a usability evaluation. 
Two main findings emerge from our investigations. First, 
training is essential when introducing a new technology. In the 
geography study, some of the field investigators were not 
familiar with the terms used and the mobile phone model. 
Although all of the students stated that they had experience in 
using mobile phones, they needed some time to get 
themselves acquainted with the phone’s keys and functions, 
mainly because of the usability problems found in smart 
phones [5]. This usability issue is often the product of the 
increasing number of features at the expense of usability. As 
the students did not own this particular phone model, this 
caused some problems during the fieldwork activity. Perhaps 
the familiarization activity could be a take home task where 
students could make use of the phone at their own time over a 
longer period. 
Secondly, the affordances of the mobile device should be 
taken into consideration when developing applications [13]. In 
our case, textual input should be minimized to counteract 
uninformative titles and tags. Both titles and tags are intended 
to give an overview of the annotations so that other users 
would be able to quickly understand the contents of the 
annotation. For example, titles of the root annotation could be 
automatically reused by the sub-annotations so that there is a 
flow in the thread. Further, the client could suggest tags based 
on an analysis of other annotations in the same thread, or on 
annotations nearby. However, users should have the ability to 
override these default values to meet their specific needs. 
There are limitations in our study which could be addressed 
in future work. Firstly, the use of the MobiTOP system in 
other domains could be explored. For instance, similar 
investigations in tourism could be conducted as MobiTOP 
would be able to provide useful information to tourists on the 
move. Next, work could also introduce the concept of context-
awareness (e.g.[1]). In particular, MobiTOP could provide 
recommendations of content based on the user’s context 
and/or preferences. Lastly, it would be informative to study 
the social networking aspects among users of the application. 
The studies could concentrate on the social relationships 
established and how information flows between groups of 
users. 
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